So far, epithelial cells have been thought to communicate exclusively by direct contact between neighbouring cells or by signalling molecules present in the extracellular space. However, the finding that epithelial cells are able to contact and communicate with distant cells using filopodia demonstrates that epithelial communication is more colourful than previously thought. This new mode of communication may also serve physiological functions other than growth and development and may allow the exchange of information between different cell and tissue types.
As anyone who has ever blown bubbles as or with a child knows, if you stop blowing before the sphere is complete, it collapses and disappears. The gas exchange surfaces of our lungs, the alveoli, are also highly curved, thin-walled, moist membranes that are open to the atmosphere. They too, would tend to go poof! and disappear, save for a mixture of phospholipids and proteins that lines the epithelial surfaces of vertebrate lungs, called surfactant. In the alveoli, surfactant's primary function is to decrease surface tension to ensure that the 'bubbles' remain open during successive cycles of respiratory contraction and expansion. Both neonatal and adult respiratory distress syndromes result from a lack of surfactant, leading to increased surface tension, decreased lung compliance, and lung collapse. Animalderived surfactants have been used to treat respiratory distress syndrome in infants since the early 1990s with great success, and an increased understanding of its components, especially surfactant associated proteins, has led to the development of newer synthetic versions. Recent evidence indicates, however, that not all surfactants are created equal. Composition and function differ between vertebrate groups as well as developmentally, depending on pulmonary anatomy and respiratory physiology. These differences interested a group led by Dr Roger Spragg at UC San Diego School of Medicine, who wondered if diving animals, that have evolved to suffer repeatedly lung collapse and re-expansion, would have developed unique surfactants to facilitate such cycles.
Animals that routinely undergo lung collapse and expansion are those that dive to depths of 70 m or more; the immense hydrostatic pressure at depth is thought to completely collapse the gas exchange portions of the lung. Lung collapse prevents nitrogen from being forced into the blood under pressure and protects against both nitrogen narcosis and the bends. Oxygen, meanwhile, is stored in the blood and tissues, making the lung unnecessary. Spragg's group tested the hypothesis that diving mammals would have unique surfactants compared to terrestrial animals by sampling fluid (bronchoalveolar lavage) from juvenile sea lions, northern elephant seals and a harbor seal, and comparing their surfactant compositions to those of pigs and human patients that had been referred to UC San Diego for pulmonary artery thromboendarterectomy.
In general, the pinniped surfactants were similar in composition to terrestrial animals, though there were differences that would indicate adaptations for lung collapse and re-expansion. These included a higher concentration of phospholipid, increased cholesterol, and alterations in specific phospholipid ratios, relative to porcine surfactant, that could increase fluidity and allow rapid lung expansion. Investigation of such surfactants could provide clues to optimize therapeutic formulas for patients suffering respiratory distress syndrome. Surprisingly, however, elephant seals, which as adults may dive to greater than 1500 m and routinely surpass 400 m depth, had surfactants with consistently higher minimum and maximum in vitro surface tensions, meaning that the surfactant to some degree had a diminished surface tension lowering function. It would be interesting to discover if this has functional significance in elephant seals, or if it is perhaps a developmental difference between juvenile and adult animals. Computational fluid dynamicists like Sun Mao dream of using simulations to ask questions that would be difficult or impossible to answer experimentally. For example, how is a fruit fly different from a bumble bee? Just run the simulation twice and compare the results. How much power do insects use moving their wings, and how much do they use pushing the air around? Just turn off the simulated air, and let the computer do the rest. In his paper with Du Gang in Acta Mechanica Sinica, Sun Mao is beginning to achieve this dream of going where experimentalists dare not tread.
The researchers simulated eight different insects, from 0.7 mg fruit flies up to 1.6 g hawkmoths. Sun and Du were interested in how the different animals produce forces and how they modulate the power used to move their wings. Some insects, they thought, might save power by storing energy elastically in some type of spring and using that energy to accelerate the wings, rather than relying on muscular power alone. To create the virtual insects, they took morphological and kinematic data from previous studies, but they couldn't find much information on each insect's wing angle of attack -the angle between a wing and the oncoming flow. Because this angle strongly affects the lift force supporting the insect, they simulated various angles of attack and took the minimum angle necessary to support each animal.
Sun and Du confirmed that, despite the 1500-fold weight difference, all the insects produce high lift forces using a mechanism called 'delayed stall,' observed experimentally with model insects. Interestingly, the different insects use different amounts of energy to do it. Large insects have a large inertial power, meaning that the difficult issue is accelerating and decelerating their wings. Because the wings' inertia is their primary problem, they could benefit substantially by storing energy elastically. In contrast, small insects have a small inertial power but large aerodynamic power, meaning that they can easily accelerate their wings, but have trouble with air resistance, and therefore wouldn't gain much from elastic energy storage.
These results aren't too surprising, but they would have been extremely difficult to show experimentally. They also make an interesting prediction: that large insects can benefit from elastic energy storage. More importantly, they demonstrate some of the promise of computational fluid dynamic simulations. 
PROSPECTIVE PARENTS ARE EVEN MORE FLEXIBLE!
Many organs can rapidly and reversibly change in size when the need arises, and one of the champions of such change must surely be the reproductive system of female birds. For example, birds reduce the size of their reproductive organs when not in use, as large organs are metabolically costly to maintain. However, they grow a large ovary and oviduct within a matter of days, when preparing to lay eggs and reproduce. François Vézina and Tony Williams from Simon Fraser University wondered how costly gearing up the reproductive system is and how it is paid for. Based on previous work, they expected to see an increase in energetic maintenance costs during egg production, but they were not sure about its mechanistic basis. Perhaps reducing the size of some nonreproductive organs could partially compensate for the costs of the reproductive system. Alternatively, increasing the size of nonreproductive organs, such as the food-processing system, might be necessary to supply the energy needed for egg production. In both scenarios, if egg production requires adjustments of nonreproductive organs, then the body composition of egg-laying females should consistently differ from that of nonbreeding and chick-rearing individuals.
To explore their ideas, Vézina and Williams carried out an impressively thorough study on wild starlings breeding in nest boxes. Three years in a row, they measured oxygen consumption of birds in the laboratory to determine resting metabolic rates of nonbreeding, laying and chick-rearing females. Afterwards, they dissected the birds to measure organ masses. In addition, they monitored 
CRYPTOBIOSIS VIA SPINDLE CHECKPOINT
Organisms survive periods of environmental hypoxia or anoxia by entering into an ametabolic state of suspended animation, known as cryptobiosis. Cryptobiosis in developmental life history stages is seen in a variety of organisms, and embryonic diapause is seen in organisms ranging from nematode worms and insects up to fish. Fascinated by the molecular mechanisms that control episodes of cryptobiosis, Todd Nystul and colleagues have investigated the mechanisms by which cryptobiosis is achieved during environmental anoxia in nematode worms.
The researchers used RNA interference (RNAi) to screen the functional consequences of gene removal on anoxia tolerance by systematically removing the gene products from 2445 open reading frames (ORF) on chromosome I of C. elegans. RNAi uses short double stranded RNA molecules, homologous to the mRNA product of a gene, to bind those mRNAs and target them for removal from the cell, thereby nullifying the function of that gene.
By scoring for anoxia-specific lethality, they identified an ORF that, when nullified, caused a 70% decrease in survivorship after exposure to anoxia for 24 h. The function of this ORF is anoxia specific because nullification of the gene product did not produce any decreases in survivorship during exposure to hypoxic (0.5 kPa O2) or normoxic conditions. The research team named this ORF san-1, for 'suspended animation 1'.
san-1 shares 27% sequence homology with the gene encoding yeast spindle checkpoint protein component Mad3P, and thus the team hypothesized that SAN-1 is a component of the spindle checkpoint in C. elegans. The spindle checkpoint prevents mitotic blastomeres from progressing from metaphase to anaphase with the consequence that cell division grinds to a halt. C. elegans embryos stained with SAN-1 antibodies, DNA stains, and antibodies to the kinetochore marker HCP-3 revealed that SAN-1 is localized to the nucleus during prophase, and to the poleward faces of the chromosomes during metaphase. This staining pattern is consistent with those of other proteins involved in spindle checkpoint activity. These observations suggest that SAN-1 induces cryptobiosis through arrest of the cell cycle.
To confirm the role of spindle checkpoint activity in cryptobiosis, RNAi was used to nullify additional spindle checkpoint components. In all cases, the spindle checkpoint was necessary for cryptobiotic survival of environmental anoxia.
The results of spindle checkpoint activity were observed in mitotic blastomeres of C. elegans embryos in normoxic and anoxic conditions. In wild-type worm embryos, metaphase blastomeres increased from 18.2% in normoxia to 42.9% in anoxia, but decreased from 20.3% to 0.7% in san-1 (RNAi) embryos in normoxic and anoxic conditions respectively. Spindle checkpoint activity during anoxia prevented abnormal anaphase and telophase nuclei from forming; abnormalities were observed in 30.7% of mitotic blastomeres in san-1 (RNAi) embryos compared to 0.2% abnormal nuclei in wild-type embryos. These mitotic abnormalities resulted in aneuploidy in san-1 (RNAi) embryos during anoxia. These observations indicate that during exposure to anoxic conditions, activation of the spindle checkpoint, thereby trapping mitotic cells in metaphase, protects the embryos from severe chromosomal abnormalities.
The factors involved in the initiation of cryptobiosis are complex. Nystul and colleagues have presented evidence for the role of the spindle checkpoint in anoxiaspecific cryptobiosis that involves protecting dividing cells from incurring damaging chromosomal mis-segregation, but the regulation of spindle checkpoint genes remains to be investigated. Of significance is that the mechanism described here is anoxia tolerance specific; the spindle checkpoint is not involved in hypoxia tolerance, and other mechanisms (e.g. HIF-1 transcriptional vitellogenin and very low density lipoprotein, two yolk precursors.
The results showed that egg-laying female starlings undergo rapid and large changes in their reproductive system. Their oviduct gained 62% of its 22-fold increase in only 3 days! Its regression was just as rapid and began even before the last egg was laid. The change in reproductive organs was accompanied by major changes in the yolk precursors, and a 22% increase in energy expenditure.
So, gearing up the reproductive system was costly indeed! In fact, 18% of the increase in energy costs could be explained by changes in oviduct size. But how were these costs paid for? The answer was not straightforward. The proposed scenario that the nonreproductive organs could shrink to compensate for the expensive oviduct did not hold up. The alternative of increasing the size of the food-processing organs to supply the extra energy required for egg formation was not found either. Although several nonreproductive organs, including kidney and flight muscles, changed markedly in size, their changes did not follow the changes in reproductive system. Other organs, such as intestine and gizzard, showed different patterns in different years. These confusing results demonstrate that the authors' persistence, repeating their measurements 3 years in a row, paid off. Their work tells us that producing eggs does not require consistent changes in size of the nonreproductive organs, at least in starlings. Instead, the nonreproductive organs may simply be adjusting to ecological conditions that vary throughout the breeding season and among years. The study also shows that simply measuring organ size will not explain metabolic rate. It's time to look beyond size and focus on function. Next they tested whether the filopodia mediated long-range Delta-signalling by disrupting the actin-based cytoskeleton and preventing filopodia formation, to see whether that resulted in a reduction in the range of lateral inhibition and caused the flies to develop an excessive number of mechanosensory bristles. Indeed, when the French team did this, they observed a significant increase in the number of mechanosensory bristles of the adult fly, indicating that, as a result of missing filopodia that block neural differentiation, some of the cells within the clusters have additionally differentiated into sensory organ precursor cells.
